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FOREWORD

This report presents the final results of one of the 46 projects comprising the Military Effects
Program of Operation Plumbbob, which included 24 test detonations at the Nevada Test Site in
1957.

For overall Plumbbob military-effects information, the reader is referred to the “Summary
Report of the Director, DOD Test Group (Programs 1-9),” ITR—~1445, which includes: (1) a
description of each detonation, including yield, zero-point location and environment, type of
device, ambient atmospheric conditions, etc.; (2) a discussion of project results; (3) a summary
of the objectives and results of each project; and (4) a listing of project reports for the Military
Effects Program.
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ABSTRACT

An instrumented HSS-1 helicopter was flown in the vicinity of nuclear detonations to measure
helicopter response to overpressure and gust and to determine the delivery capabilities of the
HSS-1 for antisubmarine warfare as limited by blast effects. Measurements of overpressure
and resulting stresses were obtained with the helicopter doors and windows opened and with and
without tail-cone reinforcements. Partial coverage of the range of shock front incident angles
expected from the detonation of underwater nuclear devices was obtained.

Comparisons are shown of experimental gust response data obtained during these HSS-1 tests
with prediction of helicopter gust response made possible by employing a six-degrees-of-freedom
analysis of helicopter stability and control characteristics and maneuvering loads. Favorable
correlation provides confidence that the analytical methods may be employed to predict the heli-
copter flying qualities as well as applied aerodynamic loads throughout the range of actual de-
livery conditions.

Comparison of experimental fuselage stresses with analytical predictions are presented to
show the accuracy of the stress analysis methods employed for determination of fuselage re-
sponse to overpressure. Confirmation of analysis methods for structure most critical for over-
pressure effects permits establishment of the HSS-1 structural limitations due to blast. These
limitations were determined by analysis to be the helicopter design limit maneuvering load fac-
tor of 2.67 g and a limit overpressure of 0.71 psi.

The primary objective of the project was achieved to the extent that the critical blast limits
of the HSS-1 helicopter were adequately defined for application to the problem of safe escape
from underwater nuclear bursts.

5
CONFIDENTIAL



PREFACE

Grateful acknoivledgment is given for contribution to the project success provided by LCDR A.
R. Henson, Project Officer during the field test phase, and by other members of the Naval Air
Special Weapons Facility who ably conducted the operational phases of the project. The com-~

bined efforts of Naval Air Special Weapons Facility and Sikorsky Aircraft personnel factlitated
the preparation of this report.

s
CONFIDENTIAL



CONTENTS

FOREWORD - - - = --c-acccccacacaacaaaaaaanaaaasn ceeceecmcacaana 4
ABSTRACT - == -=-=ccccmcecccomocmcacccenaaccccmencencamacancao 5
PREFACE-------nm-acmeccccaccaccecaeceecaemcaaseasmaaemcaamanan 6
CHAPTER 1 INTRODUCTION----=vo-cmcecccescaccacacacumcacaacnnn-n 11
1.1 ObjectiveS---------mccccrncecncecwa cemeecccamccermaemam.n 11
1.2 Background-------cc-cveccecacacucaremcacccacecannana e~ 11
1.3 TheOory-----ccenccacacaceccenccaunonmcncccncnccnnnncacnes 11
1.3.1 Applied Aerodynamic Loads---~-«-~--~ cecmmececemcmeemnmam - 11

1.3.2 OVerpressure -----~c-c-e-enmccecccnuecmcenscacavannmanene 12

1.3.3 Time of Shock Arrival ---eccccccccccnccanccaccccccncnnenan 15

1.3.4 Additional Gust Parameters-~--c-ececccccccmcccaccacav= cemeea 15

1.3.5 Overpressure ResponSe ~----ecececcccocacmcacaccscnnnananan= 15

1.3.8 Total Effective Radiant EXposSure ~ - ~=-cv«ccevccecccnmcanccara-o-n 18

1.3.7 Temperature Rise - - - - - g 16

1.3.8 Nuclear Radiation ~-~--cccecccaccnaaaaa wemevecenacvera-n=a 17
CHAPTER 2 PROCEDURE-----=-accccccacncancccaccncnmonnwananns= 18
2.1 Operations -~--------ceceececmcncncccnncccencncncccnmananran= 18
2.1.1 Positioning System---«--=ccecremcccnccnccncccaccnerennca- 18

2.1.2 Operation Considerations - -----ccccececucccanercncccecccaa==" 18

2.2 Instrumentation - -~ -~--c-cmeccrccccrcccnsccruenonmrucacenmona= 18
2.3 Data Requirement§----------vaveccencacncccncsccmcnnncnnnnn-n 19
2.3.1 General Considerationg8-~---=cwcemcccccacncmunacacccacanaa= 19

2.3.2 Thermal Effects Data Correlation- -« - - c=cccceccnccccancnanvan- 20

2.3.3 Aerodynamic Response Data Correlation ~---evceccceccececcececana 20

2.3.4 Stress Correlation----=c--=cecececceccacacccmaccasccenvana 23
CHAPTER 3 RESULTS ------cvcrccccacorccrcnncrucacacnmnanccnanan 27
3.1 General ~-----cccceccvccrecomacecrecotcoecamaec—cecmcmcacen. n
3.2 Gust Response Data -~ ~---~-eccccecacnccccrccccnarncennnconnmnn- 27
3.2.1 Shot Priscilla ~=-~-~cereccccccccecerecnccamerenaennaccnanes 20

3.2.2 Shots Diablo and Kepler - -«--ccvccromucacccacannancnnaanana 87

3.3 Fuselage Response to Gusts, Shots Owens and Kepler-----~c-ccracnacec=n 38
CHAPTER 4 DISCUSSION ----cscorcncncacacncncennncncacacannenaan 39
4.1 Overpressure and Time-of-Shock-Arrival Correlation ~--~-=+evececceceanaas 39
4.2 Rotor Response tO GUBS -~ - === ceccneccccnnnccccnencnnmncacnan 39
4.3 Stationary-Star Load Correlation - ~-c-ceccecrcmcmcccncccnannanann- 40
4.4 Structural Correlation------cevecceccmccencceresnemssssncncocacnnnas 40
4.5 Radiant Exposure and Nuclear Radiatlon- - ===+ c-vccececcccnccacannaa- 42
CHAPTER 5 CONCLUSIONS----~-vccecmeccececncencecnnnncscacncacnanas 43

7

CONFIDENTIAL



APPENDIX A INSTRUMENTATION----c=-cc-xee- cevemmmnaa ceemmmmunean 44
A.1 Recording-----vc-cccccvecacea U, cemeanae 44
A.2 Fuselage Stress Measurements ~---«-eea-- commma- cememusavsnenn- 44
A.3 Overpressure ------ccreceeeca- “cememmas cmecemcemenea cemnaman 44
A4 GIlStResponse ---------------------- cewmenercnen .- crvanenaa 44
A.5 Main Rotor Component Loads, Stresses and Relative Positions -« ~«v---c-~. 44
A.6 Talil Rotor Stresses and Relative Positiong~------«=-- coececmsscannne - 44
A.7T Miscellaneoug----c--cccccccccocccccvnncnncnnaanan= cwmsmnnmme 49

APPENDIX B EQUATIONS AND METHODS OF ANALYSIS FOR

BLAST-WAVE RESPONSE OF HSS8-1 HELICOPTER ----cvvcc-eco 50

B.1 Weapon-Effects Parameterg - ----------- e eemesccemecsceaaanennos 50
B.2 Gust Response Equationg-----«crccccccecacacccaceann- cecocma ~as= 50
B.2.1 List of Symbols- - =eccecccaccnccaaaaan ceceec e m e .. 50
B.2.2 System of AXeB--vv-m-ceecncrrcennccercrcannnn=" ceememmaaa 53
B.2.3 Assumptions and Conditions ~~---cccceccrcrececcccanccncncn- 53
B.2.4 General Equations of Motion - - --- v v v cccmrecaaax ccemmana awo== 55
B.2.5 Linearized Stability Equationg-----vc-cceccnecccnncnecccnnanaa 57
B.2.6 Helicopter DerivativeB- - ~~-~cccvcceccncecccncncccacecmcnnan 58
B.2.7 Rotor Derivatives -~-cccccccccvenccancanan= T 62
B.2.8 Fuselage Aerodynamic Derivatives--~----cceccccececcnccaccaaaa 66
B.2.9 Parameters and Constants ~~---ccecmcceccaas cesmeca~ - 87
B.3 Discussion ------cccecceccencccnnaccrcrancrcacnnncan P 71

APPENDIX C TYPICAL TIME HISTORIES---«cc-cccccnccccreccnnnccccccn==" 78

REFERENCES ---v--cecececmcccccemecnamseccanamoeanonaccecnesnan 85

FIGURES
1.1 HSS-1 helicopter instrumented for Operation Plumbbob~~--=ceccceccucaca- 12
1.2 Weapons effects parameters~-«---cecececscccccccsancncacaccanrcax 13
1.3 Stationary-star load versus retreating-blade indicated tip speed- -~ - <« e vv--- 14
2.1 Planned and early or late flight patterns for H8S-1 helicopter

for Shot Priscilla-~=vvcvcccmcccecccnnccncccacvnccccncoan-" 19
2.2 Aanf versus y nonlinearity for Shot Priscilla - -« ~~cv-vcccccccncanana. 20
2.3 AF,, versus p; nonlinearity for Shot Priscilla---------cccc---cccon-- a1
2.4 ALy, versus puj nonlinearity for Shot Priscilla-------------cooovooo-- 21
2.5 AMq, versus u; nonlinearity for Shot Priscilla--------o---co--eooocn- 21
3.1 Correlation of calculated and test data for Shot Priscilla~~-~v-vceccccncua 30
3.2 Correlation of calculated and test data for Shot Diablo ~~-v-ccccccccaac-- 31
3.3 Correlation of calculated and test data for Shot Kepler ~ -« --cccccoacaca- 332
3.4 Time histories of fuselage stress measurements, Shot Owens ~~--~c-ccv--- 33
3.5 Time histories of fuselage stress measurements, Shot Kepler-~-----<ceea-. 35
3.6 Helicopter structural limitation envelope - ~-------- e 37
4.1 Correlation of calculated and measured effects parameters--~c~-cvccac--- 41
A.1 Strain gage locations in aft fuselage, HSS-1 helicopter - -~ ----- ceeemee .- 45
A.2 Instrumentation locations, HSS-1 helicopter-~---~-- cecoena cwecmemee~ 45
B.1 Orientation of gust disturbance for the helicopter ~--cccccccncccannanc. 51
B.2 itial disturbance inputs for Shot Priscilla - -« ~coceccmccnccccncamann 51
B.3 Gust velocity as a function of overpressure - --- - - emccmcecmcccens .e=- 51

]

CONFIDENTIAL



B.4 Side view showing stability and control parameters -~ === coa- L EEE TR P 53

B.5 Rear view showing stability and control parameters-----«--weccecaceaax 54
B.6 Top view showing stability and control parameters ~«---«----. emmeemaa 54
B.7 Lift versus angle of attack--~---ccccuacmcncncuanncccacaan cemmaa 70
B.8 Drag versus angle of attack~~-v=vccceccacana- ccemosmcemrcccanan.a 70
B.9 Pitching moment versus angle of attack---~--ccccoccacvenccaaccanan 71
B.10 Yawing moment versus angle of yaw ==---ccccvcamacemmamcomccaroncn 72
B.11 Side force versus angle of yaw -~ -~ == -ccccacccncacana cmmmmeemm—a 73
B.12 Calculated response for Shot Priscilla-=--c=ceemcucacocnacaaamann- 78
C.1 Main rotor blade edgewise stress versus time -----c-ceccvcrmucemccmnan 79
C.2 Main rotor blade flatwise stress versus time - ~=--eceveveccacaccccaaax 79
C.3 Longitudinal star load versus time = ~--e-ceccomcccccrccareacveaman 80
C.4 Right lateral star load versus time--=--cccccvmcmcmcccunvcccccaran 80
C.5 Left lateral star load versus time-----ccceccceccncacaccncraancamnn 81
C.6 Main rotor shaft bending stress versus time------vceccececceacaccacccax 81
C.7 Main rotor blade pitch angle versus time--~----cc-ceccacncccccanaca- 82
C.8 Main rotor blade lag angle versus time - - -~ -~ ~cecccaccaccnccanacooa- 82
C.9 Vertical acceleration at tail pylon versus time - -~==vececmcaccccacouax 82
C.10 Lateral acceleration at tail pylon versus time-----c-cccmcuccacaanaax 83
C.11 Tail rotor blade edgewise stress versus time - - -« --cccvcecaccceecean- 83
C.12 Tail rotor blade flatwise stress versus time ----=vocmeccecaccccaceaax 84
C.13 Tail rotor blade flapping angle versus time- =------ccceemuccecanaca- 84
TABLES
3.1 Shot Data SUMmMAry-----c-cceocmccmocaraceiccmaccecc e nana- 28
3.2 Actual Aircraft Positions- - ==« ---cccrecccecmmmccmc e as
3.3 Atmospheric Conditiong~ -« - - - cccmr e ee e ecdcc e ceee—a- 28
3.4 Summary of Time Zero Data - -~ = ~coccemmecmmmcceccmccccamcccana 29
3.5 Summary of Data at Time of Shock Arrival---«--ceaccacmoccacccaoonx 29
4.1 Stationary-Star Load Correlation - -~--ve-eccccacccncncacrcccan=un 41
A.1 Instrumentation for Fuselage Stress MeasurementS - ~= == == - =cccovanme- 46
A.2 Acceleration Measurements- - - - - -~ c= ccc e emacccmncemcamcnaanaax 46
A.3 Instrumentation for Main Rotor ReSponsSes---«--c=cceamuommcmacmonox 47
A.4 Instrumentation for Tail ROtOr ~=~vcccc-ccccmcmmremcccmmcacocaman 48
A.5 Miscellaneous Instrumentation - == - - -« c - c e e cmecvammcmac e ccaae 48
B.1 HSS-1 Helicopter Parameters for Shot Priscilla = ~=~-ocmmccncacmcancaa 75
B.2 Equations of Motion for Shot Priscilla-----ce-vceveccaceamecccccacan 76
9-10

CONFIDENTIAL



CONFIDENTIAL

Chapter |
INTRODUCTION

1.1 OBJECTIVES

The major effects on aircraft flying in the vicinity of a nuclear detonation are shock overpres-
sure, gust loading, and thermal radiation. These effects are of primary significance in the de-
sign of aircraft and in the establishment of techniques and procedures to be utilized in the delivery
of atomic weapons.

The primary objective of this project was to measure the overpressure and gust response of
the HSS-1 helicopter (Figure 1.1) and to determine the delivery capabilities of the HSS-1 helicop-
ter for antisubmarine warfare (ASW) weapons as limited by blast effects.

The secondary objectives of this project were to obtain experimental data for the Departments
of the Army and Navy related to helicopter response to nuclear blast for correlation with analyti-
cal techniques and for extension to the general problem of helicopter response to nuclear effects.
The interest in general data of this type varied from considerations of helicopter safe delivery
and standoff criteria for Navy use to lethal damage criteria applicable to helicopter employment
by the Department of the Army.

1.2 BACKGROUND

The HSS-1 helicopter was the first instrumented helicopter participating in a nuclear test
series specifically to obtain experimental results. ¥ was one of five aircraft which participated
in Program 5, which was concerned with effects from kiloton-yield-class nuclear devices. Since
no instrumented helicopter had previously participated in a nuclear test, neither experimental nor
actual effects-response data were available for substantiation of predicted response. Participa-
tion of the HSS-1 helicopter in Operation Plumbbob provided the necessary experimental data for
this correlation.

The HSS-1 is expected to have the capability for delivering an antisubmarine warfare (ASW)
special weapon. Therefore, there was urgent need for information relating to the helicopter de-
livery problems. Emphasis was given during Operation Plumbbob to response measurements of
the main- and tail-rotor systems to gust effects and the fuselage structure to overpressure. It
was expected that air blast and initial nuclear radiation input data for shallow- and intermediate-
depth underwater explosions would be obtained during Operation Hardtack. Thus, the free-air
effects as well as helicopter response data would be available, from which the delivery capability
could be defined.

1.3 THEORY

1.3.1 Applied Aerodynamic Loads. The aerodynamic loads that originate from the rotors and
fuselage of the helicopter in response to a blast input were calculated using equations of motion
which made possible an analysis of dynamic maneuvering load, stability, and control for the heli-
copter in six degrees of freedom. This included not only motions of the helicopter in space, but
also determination of angle of attack at the tip of the retreating rotor blade and rotor blade flap-
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ping angle relative to the shaft when the blade was over the tail cone. These later parameters
served as the basic means of monitoring development of stall in the rotor, and rotor blade clear-
ance over the tail cone, respectively.

The general equations of motion, which are subject tc the limitations of linear assumptions,
are presented in detail in Appendix B, together with expressions for the helicopter derivatives.
The helicopter derivatives were broken down into the cont ributions of the main rotor, the tail
rotor, and the fuselage-wing-tail combination. Baily Twisted Rotor Theory (References 1 and

Figure 1.1 HSS-1 helicopter instrumented for Operation Plumbbob.

2) was used for the calculation of rotor derivatives. Wind tunnel data for lift, drag, pitching
moment, yawing moment, and side force were used to evaluate the fuselage-wing-tail derivatives.

Since the predicted gust-load factor for all events was less than the design load factor for the
helicopter, it was considered that the gust-load factor would not be a direct structural limitation
but could become critical because of its influence on blade stall. It has been determined experi-
mentally that blade stall is accompanied by an abrupt increase in control forces. Therefore, as
a means of determining the severity of blade stall, stationary-star control forces were measured
during all flight conditions. Since the severity of blade stall is a function of the retreating-blade
indicated tip speed, which is affected by aircraft airspeed, blade rotational velocity, density-
altitude, aircraft gross weight, and flight load factor (Table 4.1), these factors were considered
for each event and a retreating-blade indicated tip speed was calculated. The stationary-star
vibratory load was then determined from Figure 1.3, which is the experimentally determined
plot of stationary-star vibratory load versus retreating-blade indicated tip speed. This plot was
based on the accumulation of test data obtained by flight test prior to Operation Plumbbob. This
correlation is included in Figure 1.3.

1.3.2 Overpressure. Overpressure predictions were made from Figure 1.2 by use of modi-
fied Sach’s scaling. Equation 1.1 was used in scaling the actual slant range (R') to a reduced

12
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slant range (R;) for use in Figure 1.2 to obtain parameters for a 1-kt burst in a sea-level homo-
geneous atmosphere.

e (3" (3

Where: R' = actual slant range, feet
R; = (range for unit yield under standard conditions) reduced
slant range for entry into Figure 1.2, feet
W! = radiochemical or fireball yield, kilotons; (3 W' was used
to calculate scaled ranges outside triple point path)

W, = 1kt
P, = ambient pressure at sea level (NACA standard day), psi
P} = ambient pressure at aircraft altitude, psi
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Figure 1.3 Stationary-star load versus retreating-blade indicated tip speed.

The overpressure obtained from Figure 1.2 was scaled by use of:

AP! = AP (E.'_) (1.2)
1 p. .
Where: P; = overpressure obtained from Figure 1.2 for slant range R,, psi
P! = predicted overpressure for actual position and yieki, psi

1"
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1.3.3 Time of S8hock Arrival. The time of shock arrival obtained from Figure 1.2 at the re-
duced slant range was scaled by use of:

=@ " a-)

Where: t; = time of shock arrival obtained from Figure 1.2 for slant range.
Ry, sec
t! = time of shock arrival at desired altitude and actual yield, sec
Cy = speed of sound at sea level for NACA standard day, ft/sec
Cd = speed of sound at aircraft altitude, ft/sec

1.3.4 Additional Gust Parameters. Density and gust velocity behind the shock front and the
duration of positive phase were obtained from Figure 1.2 at the reduced slant range am_i scaled
by Equations 1.4 through 1.6.

- ntd) | »

Where: p!

density behind the shock front for actual altitude and yield,
Ib-gec?/ftt

density from Figure 1.2 at slant range R,, lb-sec®/ft*
ambient density at receiver altitude, 1b°-sec?/ft*

[

e

v = (Z—i) (1.5)

Where: U' = gust velocity behind the shock front for actual altitude and
yield, ft/sec
U; = gust velocity from Figure 1.2 at slant range R, ft/sec

v (@) @) ()

time duration of the positive phase for actual altitude and yield, sec
time duration of the positive phase obtained from Figure 1.2 at
slant range Ry, sec

Where: t;}!
tyy

1.3.5 Overpressure Response. Preliminary calculations had indicated that a crushing of the
fuselage, caused by overpressure, would be the major limitation for the helicopter. In order to
minimize this effect, the windows and doors of the helicopter were opened during all participa-
tions to provide maximum differential pressure relief. During the initial phase of the tests, re-
inforcements consisting of horizontal crossbraces between the frames were installed in the tail
cone to permit gust response data to be obtained at higher overpressure levels, A maximum
overpressure limit of 1.0 psi for the reinforced helicopter was established, prior to the test,
based on theoretical calculations. A few strain gages had been installed at critical fuselage
stations for monitoring fuselage stresses resulting from blast effects. After the first three
participations, a comparison of the measured stresses and the critical stresses for those mem-

15
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bers indicated that the overpressure limit of 1.0 psi was conservative and on the basis of such
comparison a new overpreasure limit of 1.4 psi was established.

In order to obiain data on the basic aircraft during the second phase of the tests, the rein-
forcements were removed. Prior to this phase, a static pressure test was made on an unre-
inforced HSS-1 tail cone. Fallure of the tail cone occurred at 0.9-psi static pressure. This
value was reduced by both an assumed magnification factor of 1.5 and the allowable-to-ultimate
ratio of 1.5 to establish an allowable overpressure limit of 0.4 psi for the {first participation i
with the reinforcements removed.

1.3.6 Total Effective Radiant Exposure. The total radiant exposure normal to the receiver
was computed from:

85.7 Wy e KD QRN _
o S o,

+%'I-“-)(l_ ) K (1.7)

total radiant exposure normal to receiver, cal/cm’
thermal yield, kilotons

slant range, 10° ft

attenuation coefficient, per 10 ft

angle between the receiving surface and the direct
radiant path, degree

albedo (0.4 for NT8 area)

= ratio of the normal component of reflected radiant
exposure to the direct radiant exposure

T8 = ratio of normal components of scattered radiant
I exposure to the direct radiant exposure *

(1-F) = flyaway iactor

K; = factor to account for fireball distortion and area
seen by receiver

?
fflgb 37555

1.3.7 Temperature Rise. The usual expression for temperature rise in sa air-borne re-
ceiver is:

AT = Qry (-H) (-%) .8
Where: AT = temperature rise, F
(1-H) = cooling factor
a = absorptivity of surface

G = thermal capacity of material, cal/cm® F

Equations 1.7 and 1.8 were modified for the ES88-1 by disregarding the cooling and flyaway fac-
tors. This was possible due to the low speed of the helicopier and the lack of cooling over por-

tions of the main-rotor blades. A maximum allowable temperature of 300 F was established
for the rotor biades.

1
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1.3.8 Nuclear Radiation. The nuclear radiation was calculated by the method presented in
Reference 3, as modified by the Bureau of Aeronautics. These modifications included the use
of a factor of 1.25 instead of 2.0 to compensate for an air-borne receiver, disregarding any re-
duction for flyaway and cockpit shielding. Nuclear radiation was not critical for any of the
HS8-1 participations.
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Chapter 2
PROCEDURE

2.1 OPERATIONS

2.1.1 Positioning System. The HS38-1 helicopter was positioned by use of a modified M-33
gun-tracking radar. This equipment utilized a plotting board with a pen recorder for tracking.
The desired pattern was drawn to scale, and a controller compared aircraft position with the
desired position and transmitted corrections to the pilot by UHF radio. A computer was de-
signed for the M-33 radar which solved the positioning problem and presented the necessary
corrections as time early or late and the speed change required to arrive at the desired position
at time zero. This computer proved undesirable, since the helicopter’s response to surface
winds prevented an accurate solution. A brush-type recorder system was installed to provide
azimuth, range and elevation for after-the-fact positioning data. The after-the-fact recording
systems included a time-zero signal from a blue-box circuit and continous 1-second timing
marks. Time of shock arrival was determined from instrumentation in the belicopter and was
used for determining the after-the-fact position at time of shock arrival. The accuracy of the
after-the-fact positions was determined to be approximately + 200 feet.

2.1.2 Operation Considerations. In most of the events the helicopter was positioned for a
tail-on orientation to the blast. For this orientation, an offset pattern was utilized with a 90-
degree turn for a radial run-out just prior to time zero. This pattern was considered necessary
for safety of crew and aircraft, since all participations were at relatively low altitudes. These
offset patterns decreased the positioning accuracy due to wind effects in the {final turn and the
flight characteristics of the helicopter. The positioning errors varied from 0 to 5 seconds,
which was small in terms of distance since a speed of 150 ft/sec was used in the pattern.

Abort criteria were not required for these offset patterns since the aircraft position errors
along the intended flight path at the time of turn made little difference in the resulting distance
from ground zero. Figure 2.1 shows the helicopter’s desired flight pattern for Shot Priscilia
with positions included for 10 seconds early or late at the H—40-second position.

Normal helicopter participation consisted of takeoff at H~-54 minutes, two practice orbits
around a racetrack pattern approximately 8 naut mi in length, 2 final run-in from B-5 minutes
with a 90-degree turn at H—40 seconds, and landing at H + 30 mimutes. An average of four prac-
tice flights were flown prior to each actual mission. Aircraft availability was good throughout
the program.

2.2 INSTRUMENTATION

Recording instrumentation installed in the HSS-1 helicopter consisted of two 36-channel os-~
cillographs and a photopanel recorder.

An overpressure pickup was installed on the aft section of the tail rotor pylon to provide a
time history of overpressure. A differentizl pressure gage wasg instalied on the tail cone skin
to provide a time history of pressure difference betwe:zn the inside and cutside of the tail cone.
Strain gages were installied on critical fuselage structural members to determine the effect of
overpressure and ircraft accelerations on fuselage stresses. The pressure gages were cali-
brated against a manometer. Using information furnished by the strain gage manufacturer and
2 known calibrating resistance in the bridge circuit, a calibration of stress in terms of bridge
output was obtained using the standard strain-gage formula.
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Aircraft response to gust was measured by vertical, lateral, and longitudinal linear accel-
erometers mounted at the center of gravity, and vertical and lateral linear accelerometers
mounted on the tail-rotor gear box. Additional data was obtained from aircraft attitude gyros
and angular accelerometers mounted to measure pitch, roll, and yaw accelerations. Strain
gages were installed on main-rotor and tail-rotor blades and controls to measure stresses and
control forces. The strain gages were calibrated in the laboratory using known static loads
and resistance-calibrated in the field prior to and after each participation. Potentiometers

13,350'
1550’ I 4360 7440
P
o¢°tls T
(8) (B)
(A) (A)
02677, — -H-40° (B)
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-H-40* (A) H-40 sec Positions
{A) On Time
{B) 10 Seconds Eorly
FH-40Q°* (C) (C) 10 Seconds Late
Horizontal Range
At Time Zeto
(A) 11,800 Feet
| {B) 11,820 Feet
(C) 11,820 Feet
[
®
®

Figure 2.1 Planned and early or late flight patterns for
HSS-1 helicopter for Shot Priscilla.

were installed to measure control displacements and were calibrated prior to and after each
participation by deflection of the controls to their limits.

Temperature-sensitive strain gages were installed on the main-rotor blades to measure
blade skin temperature at two positions on the underside of the blades. Calorimeters were
installed on the tail pylon pointing downward to obtain information on indirect radiant exposure.
The temperature gages were resistance-calibrated and the calorimeters were calibrated by the
Naval Radiological Defense Laboratory prior to and after each participation.

Miscellaneous instrumentation was installed to measure such items as time of explosion,
engine operating conditions, airspeed, altitude and amount of nuclear radiation.

Detailed information on the instrumentation of the HSS-1 is included in Appendix A.

2.3 DATA REQUIREMENTS

2.3.1 General Considerations. The HSS-1 helicopter was positioned at heights above burst
point of from 1,000 to 6,000 feet and at various ranges in order to obtain gust-response data at
several blast incidence angles and overpressure levels to simulate the range of effects expected
for an underwater shot. During this phase of the tests, reinforcements were installed in the
tail-cone section and the doors and windows were open to alleviate the crushing effects of over-
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pressure. This permitted data on gust response to be obtained at higher overpressure levels
than would have been possible with an unreinforced aircraft.

The second phase of the test beginning with Shot Kepler was without the reinforcements, with
the doors and windows open, and at low overpressure levels to determine the effects of differ-
ential overpressure on the basic aircraft structure. In addition to these aircraft configurations,
participation in one side-on orientation was included to obtain data of primary interest to the
Army Transportation Corps.

Preliminary structural analysis indicated that the HSS-1 would safely withstand an overpres-
sure of 1.0 psi with reinforcements installed and the doors and windows open. A participation
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Figure 2.2 Aanf versus uj nonlinearity for Shot Priscilla.

schedule was established for 0.4- and 0.6-psi overpressure prior to positioning for the maxi -
mum value of 1.0. After obtaining 0.47 psi during Shot Boltzmann and 0.57 during Shot Wilson,
data analysis indicated that the original limit of 1.0 psi was low and a new limit of 1.4 was
established. This new limit permitted positioning which enabled an overpressure of 1.07 psi
to be obtained during Shot Priscilla. By changing the altitude, airspeed, and rotor rpm, a
build-up of stationary-star load and load factor was obtained during this phase.

2.3.2 Thermal Effects Data Correlation. Because of the low value of both predicted and
measured thermal data no correlation was attempted.

2.3.3 Aerodynamic Response Data Correlation. The measured stability variables which
describe the rigid-body response were compared with the corresponding values calculated by
the methods discussed in Appendix B. In usual investigations of helicopter stability and control
wherein deviations of major variables from their equilibrium values are relatively small, the
limitation of linear assumptions assigned to the general equations of Appendix B permits satis-
factory solutions to be made. For the case of the present tests, the perturbations of angle of
attack, a,, and rotor tip speed ratio, p;, covered such a range that it was necessary to
account for nonlinearity in several of the helicopter derivatives. The numerical values for the
variation in these nonlinear derivatives are shown in Figures 2.2 through 2.5. These deriva-
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tives were calculated from Equations 25, 27, 32, and 46 in Section B.2.6 by holding all major
variables except u constant at their trim values. An illustration of the incorporation of nou-
linear derivatives into the general equations of motion is presented in Table B.2, Appendix B.

Effect of Downwash Lag. Inview of the rapidly applied gust inputs to the rotor, it
would be expected that a certain period of time would lapse before the steady-state downwash
field could change. For lack of better information, it was assumed during the time of peak
gust response that the rotor developed increased thrust as predicted by the theory of Appendix
B but operated for a short period of time in the downwash field associated with the steady-state
flight conditions existing before shock arrival. The assumed downwash field thus lagged that
which would be theoretically associated with the calculated values of rotor thrust. A steady-
state downwash field corresponding to the actual value of thrust is assumed to have developed
by the time the overpressure entered its negative phase.

In this analysis the effect of downwash lag is accomplished by varying parabolically the lift
slope of the rotor from that value containing no effects due to change in downwash angle at the
time for peak gust response to the steady-state values of lift slope at the time when the over-
pressure enters the negative phase.

The equation for rotor lift slope without the effect of change in downwash angle is:

3Cy/0 _ a tggp
2 cos® a

The expression for steady-state lift slope is given by Equation 2 of Section B.2.7. The down-
wash lag effect is included in the appropriate nonlinear derivatives by the following relationships:

For O0>pu; only:

[Fzag (124 = min) — Fzag (pi = min) ] uit

AFZQf(D.L.) = AFzqp ¥ ui'min
[Liggo (u; = min) — Laf(#i = min)]
ALaf(D.L.) = ALaf + o { i “i‘mm uﬂ
Mapeo(y; = min) = May(p;=min)]
AM%(D.L‘) = AMg, + Ki min &

Where the subscripts have the following connotations:

(D.L.) = derivative corrected for downwash lag
o = derivative calculated using rotor lift slope contained in Equation 1
(#; = min) = value of derivative calculated at peak gust velocity

The curves for nonlinear derivati;es shown in Figures 2.2, 2.4, and 2,5 contain these cor-
rections for downwash lag.

Load Factor Equation. The equation for normal load factor during the first few
seconds is:

LF. =14+ aCy/o
Cr/o
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Where: Cy/0 = helicopter thrust coefficient solidity ratio for trim
= change in thrust coefficient solidity ratio due to dynamic
response of helicopter to gust input

In terms of helicopter derivatives:

(Fga; + AF za;)
(Crfolcos® ay

LF. = 1-

Where: Aanf is obtained from Figure 2.2 as a function of

@ = aG~ Big(pjior) ~ Pig(Autopilot)
helicopter angle of attack relative to flight path

It is of interest to note in Equation 6 that the perturbations of angle of attack, ag , introduces
nonlinearity by virtue of the cos® a; term. It is also of interest to note that the cos’ a; term
is not included in calculation of Fzq, because aj is not known when that calculation is made.
The evaluation of Equation 6 for Shot Priscilla is presented as Equation 7 in Table B.32.

Autopilot Equations. Egquations 8, 9, and 10 of Table B.2 are the equations of the
autopilot in roll, pitch, and yaw. These equations were included because the autopilot was
operative in these three channels during impingement of the blast wave. An altitude channel
was not included because this autopilot channel was not operative during blast impingement.

Angle of Attack at the Tip of the Retreating Rotor Blade and Blade
Flapping. Equation 11 of Table B.2 is the equation for angle of attack at the tip of the re-
treating rotor blade. The general equation for this stall parameter is as follows:

ag

1 da, .
a(l-’)(!"°) = “(1.0)(210‘) trim + 9. + l——'-ﬁ {(’a'_i_l) (af + '}')

[ -] ) - 0 - ) - (e

The expression for the rotor derivatives 8a/87 , ar/3a , etc., are presented in Section B.2.7.
It is emphasized that in Equation 7, 6, , af, pu, Bis , are not the trim values of these param-

eters but the time variation of these parameters from the trim values during the disturbance.

Equation 12 of Table B.2 is the equation for blade flapping relative to the shaft when the blade
is passing over the tail cone. The general expression for this blade clearance parameter is as
follows:

b =00 = % i = 0 i + (2 + (2 - (2, (32
() e (e (@0 )0« [1 (2]

The expressions for the rotor derivative 8a,/9a, 9a,/9u, etc., are presented in Section B.2.7.

2.3.4 Stress Correlation. The unreinforced HSS-1 helicopter participated in only two shots
for which stress correlation could be attempted. These were Shots Owens and Kepler, both
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tail-on shots. Correlation could not be attempted for either the shots participated in by the
reinforced HSS-1 or for Shot Stokes, a side-on shot, because of inadequate structural and pres-
sure instrumentation.

Data required for the prediction of fuselage stresses due to nuclear blast effects were time
histories of aircraft accelerations, tail-rotor thrust loads, and differential pressures. An ex-
amination of the loading data and the strength summary for the HSS-1 indicated that the critical
structural area for these loads was the tail cone between Station 316 and Station 352.

From the intensity of the loading schedule, a first approximation of skin effectivity was made.
This was substantiated by calculating the stress distribution due to aircraft flight loads at sev-
eral time intervals during the shot and comparing the skin stresses with skin buckling allow-
ances. An elastic analysis was then made of the gridwork of skin, stringers and frames in the
critical tail-cone area for differential pressure loads. (Axial loads present in the system due
to flight conditions were not considered here since the energy contribution of these loads to the
complete system under pressure was negligible.) This elastic analysis, done in unit form, was
then multiplied by the appropriate constants producing a time history of stresses due to differ-
ential pressure effects. The time histories of the stresses due to flight loads and those due to
the differential pressure were then superimposed, yielding the net stress time relationship for
the structure. These stresses were compared to the oscillograph traces of the appropriate test
shot for correlation.

Since the frame stresses in the HSS-1 tail cone were relatively independent of flight loads,
and responded to differential pressures with no appreciable time lag, agreement between the
calculated and actual frame stresses was excellent. Correlation of stringer stress levels was,
in general, only fair. There were several contributing factors affecting this, the most signifi-
cant being the iow load intensities resulting from low-yield Shots Owens and Kepler coupled
with inadequacies of the instrumentation for structural strain correlation. In addition, dynamic
effects, both on the accelerometer traces and the stress traces,could not be considered because
of the difficulty in evaluating them. At low load levels, dynamic responses due to normal flight
vibration alone had amplitudes large enough to significantly alter the trace patterns. An attempt
to filter out these vibratory effects was made with limited success.

Conclusions as to the effectiveness of the stringer stress calculations cannot be reached
from comparison with the available data. The only significant point that can be made is that
the general stress levels were of correct magnitude, '

Stress Analysis. Semimonocoque structures are composed of skin, stringers and
frames. The skin distributes pressure to the stringers and frames and carries the major part
of the shear stresses. The stringers are the main structural elements and carry the major
part of the airframe bending moments. The frames maintain the shape of the structure and
in some cases are used to introduce concentrated loads into the shell. However, this idealized
distribution of function and loading, while reasonably accurate for design purposes, at design
load intensities, is not correct at low load levels. The significant difference is in the effective-
ness of the skin as bending material in conjunction with the stringers. Up to the point of elastic
buckling of the skin panels, the entire skin is fully effective and materially affects the stress
distribution. Shots Owens and Kepler produced such low load levels. Therefore, the method
of determining the fuselage stresses resulting from these shots included a re-calculation of
effective fuselage section properties. H the load level were above the skin-buckling criteria,

a re-evaluation of the effective shell material would have again been necessary. The difference
between the two conditions represents an area of proportionally greater increases in stringer
stress, due to redistribution, for equal increases in shell loading.

Pressure effects, as stated above, are distributed by the skin to the gridwork composed of
the stringers and frames. The frames on the HSS-1 tail cone are used primarily to maintain
shape and to act as panel breaks and are therefore rather insensitive to flight loads. As a re-
suit, these light-gage channel-section frames proved to be critical for the bending stresses
imposed by differential pressure on the shell. Allowable stresses were calculated for the
frames under pressure and for the stringers under the combined effects of flight axial loads
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and lateral bending due to pressure. The calculated allowable pressure for the frames is 0.71
psi design limit. The allowable for the critical stringer is a design envelope based on the rela-
tive intensities of differential pressure and flight loading.

Substantiation of the allowable frame crushing pressure was made by Sikorsky Aircraft by
static testing two HSS-1 tail cones. The tail cones were instrumented and subjected to incre-
mental increases in pressure until failure occurred. The static test specimens failed at 0.90
psi average.

Applied Loads. Loads affecting the HSS-1 tail-cone structure are inertia loads due to
aircraft accelerations, tail-rotor loads, and differential pressures. Accelerometer traces
taken during the shot were divided into suitable time increments and the inertial loads due to
these accelerations were calculated for each instant of time. To these were added the loads
caused by the tail rotor, yielding the net flight load distribution at the critical sections, for
each instant of time.

The differential pressure for corresponding instants of time were obtained from the differ-
ential pressure trace directly.

Stress Distritfut ion Due to Flight Loads. Cross-sectional stress distributions
due to unit accelerations and unit tail-rotor loads were calculated by conventional methods pro-
grammed on an IBM 704 digital computer. The accuracy of these methods in the elastic range
and where there are no structural discontinuities is well known. These unit distributions were
multiplied by the appropriate coefficients determined by the time histories of the accelerometer
traces and added together, yielding the net flight load distribution.

It was analytically determined that the variation of tail-rotor thrust during the time of the
shot due to the effects of the blast would be less than 10 percent. The time history trace for
Shot Kepler is shown in Figure 3.5. Since this change would cause an insignificant change in
the stringer stress level at the critical stations, a steady tail-rotor thrust was used in calcu-
lating the stresses in Shot Owens. This thrust was equal to the balancing thrust for 1-g level
flight.

Stress Distribution Due to Differential Pressure. Because of the high
degree of redundancy and interaction, the differential pressure distribution on the gridwork of
stringers and frames is best investigated by elastic analysis. The structure is analyzed by the
method of minimum strain energy considering the tail-cone structure between Station 316 and
Station 352 as an integrated stringer-frame network. The coupling of stringer axial stresses
caused by flight loads is by super-position, as the strain energy due to axial loads is negligible
compared with the total energy of the system.

An outline of the procedure followed in the analysis is presented below:

1. The redundant structure is made statically determinate and equilibrium equations are
written for each structural element.

2. Individual element influence coefficients are written to sum up the total flexibility in the
structure.

3. Steps 1 and 2 are written in matrix form and by matrix manipulation a anit load distribu-
tion is obtained for the entire structure.

The matrix operations are:

1. Unit deflections are found for the entire structure.

2. Next, the deflections based on the statically determinate structure are obtained.

3. These deflections multiplied by the internal and external loads yleld the total energy in
the system in terms of the applied and redundant loads.

4. The total energy is differentiated with respect to the applied loads and redundant loads
to obtain the deflection equations.

5. Solution of the deflection equations produces the redundant loads, which, by matrix ma-
nipulation, yield the unit-load distribution.

In matrix notations:

L. [¥im §ru-] [21] = [6]
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2 Ybim|nel 0] = [V]

The structure considered in the analysis was between Stations 318 and 352 on the tatl cone.
This area included three frames (Stations 316, 334, and 358) and twenty stringers, symmetri-
cally placed around the perimeter of the shell.

An assumption was made that the end frames at Stations 316 and 352 were rigid relative to
the frames at Station 334. This assumption was substantiated by calculating the relative frame
stiffness using Naval Advisory Committee for Aeronautics (NACA) TR-1097. Another assump-
tion was that the stringers had full fixity at their ends. This assumption is valid since under a
symmetrical uniform pressure load, and with equal bay lengths, the stringer slope across the
frames is zero. The basic akin is not included in the idealized structure except locally as ef-
fective bending material with the stringers and frames. The reason for this is that the only
function of the skin under a symmetrical pressure loading is to distribute this pressure to the
supporting structure.

Because of the symmetry of both structure and loading about the vertical axis, only half of
the structure needs to be considered. This structure was reduced to individual elements placed
in lcad equilibrium, and coupled together by matrix operations.
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Chapter 3
RESULTS

3.1 GENERAL

Tabulated results of pertinent recorded data at time zero and at the time of shock arrival
are presented in Tables 3.4 and 3.5. Time histories of typical recorded data are presented in
Appendix C. The presentation of data in tabular form has been limited to only those items of
recorded data that were of major significance or were necessary for correlation at either time
zero or time of shock arrival. All other pertinent data are presented as time histories. Be-
cause of the cyclic nature of the data recorded, it was considered that this was the more desir-
able and illustrative method of presentation. Table 3.1 is the summary for events in which the
HSS-1 helicopter participated, and which were utilized for postshot correlation. Tables 3.2
and 3.3 are summaries of aircraft positions and atmospheric conditions.

3.2 GUST RESPONSE DATA

Dynamic response data measured during the test operations consisted of basic flight param-
eters and representative stresses in the rotor blades.

Comparisons of calculated flight parameter data with flight test data are presented in Figures
3.1 through 3.3 for Shots Priscilla, Diablo, and Kepler, respectively. These three events were
chosen because Shots Priscilla and Diablo represented the most severe conditions while Shot
Kepler was typical of the remaining six participations. Comparisons between calculated and
measured values are shown for five parameters, i.e., pitching, rolling and yawing accelera-
tions, normal load factor, and blade flapping over the tail cone relative to the shaft. It can be
seen from the typical time histories presented in Appendix C that no significant changes in rotor
blade stresses occurred. This may be attributed to the fact that rotor blades are free to flap
about their horizontal hinge, thereby reducing gust effects on the blades.

3.2.1 Shot Priscilla. Comparison of caiculated data with flight-test data for Shot Priscilla
is shown in Figure 3.1. For normal load factor, Channel 1, the peak calculated value corre-
sponds well with the peak measured value but since rotor-blade inertia in independent flapping
degrees of freedom was not considered in the calculations, the calculated peak-load factor leads
the measured peak-load factor. Although the autopilot had no effect on the peak-load factor de-~
veloped, it did restrict the reduction in load factor below 1.0 after the first second of time had
elapsed. Comparison of calculated load factor with measured load factor after one second is
good. It is noted that the high frequencies in the flight-test data attributed to local structural
response have been eliminated in these load-factor plots. They did not possess the amplitude
relative to the long-period mode and damped out much more rapidly than the high-frequency
oscillations that occurred in the rolling, pitching, and yawing acceleration data.

In Channel 2 of Figure 3.1, the calculated rolling acceleration appears to be an average of
the measured response. It is believed that the high-frequency oscillations measured by the
accelerometer, which have not been faired out in this plot because of their high amplitude and
low damping, were the results of local structural response combined with accelerometer re-
sponse to the applied loads due to both overpressure and air mass velocity and are not generated
by the main or tail rotors. Therefore, the calculated response did not predict their existence.

In Channel 3 of Figure 3.1, the calculated pitching acceleration appears to be a reasonable
average of the measured response. The high frequencies in the measured response were again
attributed to local structural response to the applied loads.
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TABLE 3.1 SHOT DATA SUMMARY

" Burst Height “Terrain
sm L 3
Yield Date Above Terrain Elevation, MBL
kt ft ft
Boltzmann 115 +0.8 28 May 1957 500 Tower 4,335
Franklin 0.138 £ 0.006 2 June 1857 300 Tower 4,022
Wilson 10.0 20.5 18 June 1857 500 BRalloon 4,338
Priscilla B35 =10 24 June 1957 700 Balloon 3,080
Diablo 1720 +0.85 15 July 1957 500 Tower 4,485
Kepler 10,0 1.0 24 July 1957 500 Tower 4,320
Owens 9.2 205 25 July 19587 $00 Balloon 4,238
Stokes 18.9 x0.35 7 August 1957 1,500 Balloon 4,185
* Preliminary postshot.
TABLE 3.2 ACTUAL AIRCRAFT POBITIONS
) Horizontal MBL Altitude  Horizonial Range  Slant Range
Shot ’?L Altmz.:ie Range at ‘Stl;mml Ze'rol at Time of at Time of at Time of
at Time Zero ;e Zero Shock Arrival  Shock Arrival Shock Arrival
ft ft ft ft ft ft
Boltzmann 6,110 16,050 16,100 6,110 18,140 18,150
Franklin 8,000 7,411 8,260 8,000 8,487 9,240
Wilson 5,915 14,373 14,421 5,939 16,400 16,443
Priscilla 8,118 11,921 12,700 8,118 13,513 14,200
Diablo 10,998 10,422 12,580 10,992 11,991 13,405
Kepler 5,990 20,473 20,500 6,184 23,143 23,190
Owens 7,287 20,303 20,410 7,302 22,923 23,100
Stokes 8,430 33,240 33,400 8,276 33,180 33,220
TABLE 3.3 ATMOSPHERIC CONDITIONS
Pressure at  Pressure at _ Tempersture  Temperature
Shot Altitade at  Altitude at stAlitede  at Altiade at oo SAlTAe Surface
Time Zero  Shock Arrival  at Time Zero  Shock Arrival rectl Y visibility
pei psi F F degrees knots naut mi
Boltzmann 11.79 11.79 65.55 65.57 calm Unrestricted
Franklin 11.04 11.04 65.66 65.66 calm Unrestricted
Wilson 11.10 11.99 65.41 65.34 060 10 Unrestricted
Priscilla 11.04 11.04 69.06 69.08 230 8 Unrestricted
Diablo 9.94 9.94 5i.80 51.84 170 8 Unrestricted
Kepler 11.84 12.25 70.88 70.56 080 ] Unrestricted
Owens 11.29 11.28 87.48 67.41 140 5 Unrestricted
Stokes 10.85 10.91 §5.06 55.69 100 8 Unrestricted
a8
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For yawing acceleration (Channel 4 of Figure 3.1), comparison of the calculated response
with the measured response is similar to the comparisons for rolling and pitching accelerations.
The most severe acceleration sensed by the accelerometer was at the peak of a high frequency
oscillation attributed to local structural response to the applied loads. The calculated response
predicted an average value of these high frequency oscillations.

Comparison of the calculated change in rotor blade flapping over the tail cone relative to the
shaft is shown in Channel § of Figure 3.1. For this blade-clearance parameter, the calculated
peak flapping angle agreed closely with the measured value for the blade monitored by Oscillo-
graph B, whereas poor correlation was established with the measured value for the blade mon-
itored by Oscillograph A. The blade monitored by Oscillograph B was closer to the tail cone at
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Figure 3.6 Helicopter structural limitation envelope.

the time of the blast and responded more nearly in the manner described by Equation 12 of Table

Flapping of neither blade exceeded the peak value calculated. The calculation did not pre-
dict the blade flapping oscillation occurring with a period of 0.8 second. This oscillation might
be predicted when equations describing independent rotor-blade flapping degrees of freedom are
introduced in the analysis.

For these correlation studies, the time histories, as shown in Channels 6 and 7 of Figure 3.1
of the gust input p; , and gust angle of attack, ag , were calculated from the measured value
of overpressure and orientation and were introduced directly into the analog computer. These
disturbances have disappeared in 6 seconds or less; therefore, the calculation was terminated
in 6 seconds.

3.2.2 Shots Diablo and Kepler. Comparisons of calculated data with flight test measured
data is shown for Shot Diablo in Figure 3.2 and for Shot Kepler in Figure 3.3. Comparisons
for these shots exhibit the same characteristics as those for Shot Priscilla. Prediction of the
load-factor time history was satisfactory if the higher frequency oscillations with periods of
the order of 0.2 second or less, excluded from these plots, are attributed to local structural
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response to the applied loads. Only average values of the higher frequency oscillations were
predicted for the rolling, pitching, and yawing accelerations. Blade flapping angle monitored
by either oscillograph did not reach a value as high as the calculated value (only blade flapping
from Oscillograph A is shown). The peak load factor comparison for Shot Kepler, Channel 1
of Figure 3.3, did not appear to be good; however, the difference between the calculated peak
value and the measured peak value was only 0.06 g. This increm ‘nt of load factor is believed
to be of the order of the experimental error. This is also true of blade flapping where the total
change in blade flapping measured in flight was not more than 1 degree.

3.3 FUSELAGE RESPONSE TO GUSTS, SHOTS OWENS AND KEPLER

The overpressure response data measured during the test operations consisted of overpres-
sure, differential pressure between the inside and outside of the tail-cone skin at the critical
area, and a number of fuselage frame and stringer stresses.

Comparisons of calculated frame and stringer stresses with flight-test data are presented in
Figures 3.4 and 3.5 for Shots Owens and Kepler. These two shots were chosen,since all other
participations were with reinforcements installed in the aircraft or were for a side-on orienta-
tion to the blast.

The method followed in predicting fuselage stresses resulting from blast effects is consid-
ered accurate for the frame stresses. The effectiveness of the method for predicting stringer
stresses is stili open to question since the data acquired during Operation Plumbbob did not
prove or disprove the analysis. However, since the relative magnitudes of the predicted and
actual stringer stresses were similar, it is felt that more generalized instrumentation might
yield adequate correlation with stringer stresses as well. This instrumentation would be ar-
ranged to allow enough data to be gathered to properly evaluate dynamic effects as well as to
verify critical transducers.

As can be seen by comparison with the analytically determined strength envelope presented
in Figure 3.6, the evaluated test events for the unreinforced HSS-1 were well within design
boundaries with considerable margin existing both in load factor and in pressure loading. The
static test results for the frame under pressure alone fell slightly outside the theoretical pres-
sure limit. This was within the calculation accuracy and is probably attributable to the failure
actually beginning before any indication of such was recorded.

While the above limits are limits in the tactical sense, that is, precluding any structural
damage whatsoever, it is considered pertinent to point out that failures of this nature may not
necessarily involve flight safety. Since semimonocoque structures are multiply redundant, and,
because a good deal of the structure is overstrength due to the limitations of minimum structural
gages, a considerable amount of structural damage is tolerable before the aircraft becomes un-
safe to fly.
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Chapter 4
DISCYSSION

4.1 OVERPRESSURE AND TIME-OF-SHOCK-ARRIVAL CORRELATION

Comparison between the predicted and measured values of overpressure and time of shock
arrival was made using the after-the-fact position of the aircraft, yield, and existing atmos-
pheric conditions at shot time. The measured data were reduced to correspond to 1 kt burst
at sea level by the scaling equation outlined in Section 1.3 and are plotted in Figure 4.1 with the
basic curves for overpressure and time of shock arrival from Figure 1.3,

Measured values of overpressure were consistently higher than the values predicted by the
method outlined in Section 1.3. Detailed explanation of this relatively pocr correlation will not
be atiempted in this report. Overpressure instrumentation in the HSS-1 was checked several
times during Operation Plumbbob, and no apparent discrepancies were discovered. Following
completion of the field tests, a shock tube was used to dynamically calibrate the overpressure
installation. The results of this test indicated no instrumentation discrepancies.

The time-of-shock-arrival correlation indicated good agreement between predicted and meas-
ured values.

42 ROTOR RESPONSE TO GUSTS

The six-degrees-of-freedom analysis of helicopter stability and control characteristics and
maneuvering loads made possible a prediction of the helicopter flying qualities as well as applied
aerodynamic loads during shock wave envelopment encountered during the tests. Discussion of
structural-response data is reserved for another section of this report. Comperison of calcu-
lated data with flight-test data for Shots Priscilla, Diablo, and Kepler, indicate that the analysis
will predict the rigid-body response time histories of normal load factor, rolling, pitching, and
yawing accelerations with reasonable accuracy. It will also accurately predict maximum rotor-
hiade blapping for fuselage clearance comsiderations.

Calculated time histories of belicopter motion shown in Figure B.12 indicated that no flying-
qualities problems developed for tail-on shots of the magnitude and orientation of either Shots
Priscilla or Diablo. Presence of the autopilot and a gust input from the tail of the helicopter
minimized both the flying qualities and loads conditions. Gust from the tail imparted a positive
normal load factor and nose-down pitching moment at the first instant of time. The nose-down
pitching moment was in a direction to relieve the normal load factor by causing a reduction of
rotor angle of attack with time. In addition, the lift siope of the rotor was reduced by the re-
duction of helicopter air speed caused by the direction of the air-mass velocity.

In Channel 2 of Figure B.13c, the calculated time history of rotor-blade tip angle of attack
for Shot Priscilla indicated that the retreating tip of the rotor blade did not attain a stalled con-
dition. The stall condition is approached when the angle of attack of the retreating rotor biade,
(1. 9@amne), reaches 10.6 degrees. Even if it did reach a value of 12 degrees or more, this
local angle of attack rapidly reduces with time and could not cause any serious control-rod load
problem with the blast from the tail unless the helicopter were aiready near stall for steady-
state flight conditions.

In Ciannel 6 of Figure B.12a, the time history of rotor-blade flapping over the tail cone
reiative to the shaft indicated that initially the blades flap up and away from the tail cone and
do not subsequently flap more than a degree closer to the tail cone than they were for the steady
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flight preceding the bomb blast. R was apparent that rotor-blade flapping clearance was not a
problem in the type of tail-on blast condition that existed in S8hot Priscilla.

R is noted that in Channels 2, 3, and 4 of Figure 3.1, the autopilot helped to damp the longer
period modes of rolling, pitching, and yawing accelerations rapidly. These oscillations would
gradually butid up with time if the autopilot were not used, provided that the pilot applied no
carrective control. For this magnitude and character of disturbance, calculations show that
even without the autopilot, several seconds could elapse without pilot control being applied with-
out danger of loss of the helicopter.

According to Channel 2 of Figure B.12d, the autopilot did not introduce more than 0.028 radi-
ans of longitudinal cyclic pitch during Shot Priscilla. Since the autopiiot has : 0.044 radians
of longitudinal cyclic pitch authority, it was adequate for stabilizing the helicopter following
this tail-on blast.

R is emphasized that although no serious loads or flying-qualities problems arose in tatl-on
blasts of the severity of Shots Priscilla or Diablo, blasts from the side and particularly from
the front could be quite severe. In the frontal blast, a nose-up applied pitching moment would
accompany a positive normal load factor and the 1iit slope of the rotor would be increased by
the increased air speed of the helicopter. The applied nose-up pitching moment would be in a
direction to cause the helicopter to diverge in angle of attack and could lead to a flying-qualities
problem as well as large normal-load-factor and angular accelerations.

4.3 STATIONARY-STAR LOAD CORRELATION

Correlation between predicted and measured values of stationary-star vibratory loade is
presented in Tables 3.5 and 4.1 and is illustrated in Figure 1.3. Predicted values of the re-
treating-blade indicated tip speed were based on actual flight and atmospheric conditions at the
time of shock arrival. All measured data were within the scatter of the experimental data {rom
which the basic curve (Figure 1.3) was obtained. Due to this good correlation over a fairly wide
range of conditions, it can be assumed that Figure 1.3 is valid for the range of operating condi-
tions of the HSS-1.

4.4 STRUCTURAL CORRELATION

The method of structural analysis used to predict fuselage stresses resulting from blast
effects was found to be accurate for predicting frame stresses. Although there were discrep-
ancies between predicted and measured stringer stresses, this lack of correlation is believed
to be due mainly to the inadequacy of the stringer instrumentation.

Strain-gage instrumentation of the critical structural area on the HSS-1 tail cone was orig-
inally intended for safety monitoring. As such, the number, orientation, and calibration of
these gages, while perfectly adequate for their intended purpose, were marginal for an accurate
representation of critical stress distributions. Coupled to this fact, Shots Owens and Kepler
were both low-yield shots producing low accelerations, and stress-level changes were so smal!
as to be practically indistinguishable from the normal noise and vibrations recorded.

An attempt to filter out some of these vibratory effects was made and was only partially suc-
cessful. This method consisted of tracing off the vibratory trace recorded before the shot and
determining whether it was cyclic or random by superimposing it on the same trace recorded
after the shot effect. N the trace was cyclic and coincided, the tracing was aligned across ths
shot, matching time higiory before and afier the shot. This tracing was then used as the zero
baseline and disturbances were measured from it. This method yielded reasonable results for
some of the accelerometer traces, but the stress traces were not periodic and had to be treated
using the conventional method of means to filter out the high-frequency perturbations.

The tail-cone strain gages were calibrated with the aircraft on the ground. In order to check
the base 1-g flight stress level, a calculation of loads incurred on the critical section was made
both with the aircraft in 1-g steady flight and with it on the ground. By rationing the two sets

©
CONFIDENTIAL



-{301083 PRy 4) (sjomp) peadsarv — (sjowy) peads diy, peysoipul oBeI0AY = (sjow)) PRadg diy, pejectpu] Spelg-Bunweey o

oSt (231 192 mnr L9 988 FTKd 000°0T [ =]
()44 .4} 8%2 8Tl L 488 028'T 098‘s susMO
011 Syl S¥z S1°T 88 e 998°T 098's Jepdey
ose 0ze 812 08’1 69 298 008'2 096'CI olqeIq
s 0se S12 81 L9 098 089'2 00L°01 syiosag
0st oLt e 1 18 L1744 00%'2 osL'L uosiiM
o1l oL 0L2 a0°Y [ 1) 0S¢ 099'% 00z°01 uppue g
12 oL 8L2 Tt ['1] 1Le 0zL's 000'8 uuvwsijog
spunod ¥ spimod 3 o0y 3 sjouy sjouy wdx 109}
peo] Iwig ¥'1 oandig woy « poedg di1 poedg diy, °
Toms mmelme  Cmwm G m e O S e
pomsven PORIPMIL opuig-Supvesiey efuiony
NOILVIAYHOO VO HVIS-AMVNOILVLIE I'v 3TdVL
‘gaojemured 930910 POINFEIUL PUE PIJEINOTED JO UOKIRIBIIOD ('Y aandig
puodes * 'y
o ot os oz i
8d‘yv
o3 o1 50 zo 10 000n
)
/ \ D>
hd ]
[ S SRS - - [-]
T w
/ looo. WI
~4— soois & n
)\Y&Ts: B s SR d . wemg O m
—— - wjdey g A
< ! 7 — ojgp)g ©--{000%!
o>y o/ oN1osd O
sssydsowyy I/ vos|im ¢
SNOSUSBOWON (987 DS * LN | N\, ulNuoly o
’ vupwziiog O
000%1

41

CONFIDENTIAL



of loads, the base stress level was checked and in general, fair agreement was found with the
calculations.

4.5 RADIANT EXPOSURE AND NUCLEAR RADIATION

All measured values of radiant exposure and nuclear radiation were too low in magnitude for
accurate correlation. These effects were not critical for any HSS-1 positions. The measured
values of these data are listed in Table 3.3.
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Chapter 5
CONCLUSIONS

Comparisons of experimental data obtained during these HSS-1 tests (with predictions of heli-
copter response made possible by employing a six-degrees-of-freedom analysis of helicopter
stability and contral characteristics, and maneuvering loads) resulted in a high degree of con-
fidence that these analytical methods may be employed to predict the helicopter flight behavior
and aerodynamic loads caused by nuclear blast effects.

Comparisons of experimental fuselage stresses with analytical predictions confirm the accu-
racy of fuselage frame analysis but fail to prove or disprove the analysis of fuselage stringer
stresses. Since it has been determined by analysis and substantiated by static tests that the
tail-cone frames are more critical than the stringer, the confirmed frame-analysis methods
permit establishment of the HSS-1 structural limitations due to the blast effects. These limita-
tions were determined by analysis to be the helicopter design-limit load factor of 2.67 g and a
limit overpressure of 0.71 psi.

From experimental data obtained during the HSS-1 participations it was found that the weapon-
effects prediction methods employed permitted accurate prediction of time of shock arrival but
resulted in unconservative prediction of peak overpressure behind the shock front.

The primary objective of the project was achieved to the extent that the critical blast limits
of the HSS-1 helicopter were adequately defined for application to the problem of safe escape
from underwater nuclear bursts. The determination of the delivery and escape capabilities of
the helicopter for ASW nuclear weapons depends also upon the airblast and nuclear radiation
characteristics associated with underwater explosions and the weapon fuzing characteristics.
Treatment of these variables is considered beyond the scope of this project.

As may be anticipated from the employment of a manned helicopter during the tests of Proj-
ect 5.1, few data were obtained which would be useful in substantiation of analytical lethal dam-
age considerations. That part of the project’s secondary objective related to experimental data
for correlation in general problems of helicopter lethality for the Department of the Army was
not satisfactorily met.
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Appendir A
INSTRUMENTATION

A.l RECORDING

Recording instrumentation installed in the HSS-1
coosisted of two 36-channe! Consolidated Electro-
dynamic Corporation Type 5-119 recording oscillo-
graphs, and a photopanel recorder. Photographic
records were made of the normal flight instruments
through the use of the photopanel recorder.

A.2 FUSELAGE STRESS MEASUREMENTS

Resistance strain gages were installed in the
vicinity of the critical fuselage structure, as shown
in Figure A.1, to measure the effect of overpressure
oa this structure. The fuselage strain gages were
resistance-calibrated prior to and after each parti-
cipation. Table A.1 is a summary of the fuselage
strain gages.

A.3 OVERPRESSURE

A pressure transducer was installed on a special
rack at the trailing edge of the tail pylon as shown
in Item A-23 Figure A.2, to measure free-stream
overpressure. Data obtained during the first shot
parsicipation was readable but, due to low frequency
response of the static probe and low sensitivity of
the galvanometer, a distorted time history of the
overpressure pulse was obtained. Prior to parti-
cipation in the second shot, this condition was cor-
rected and satisfactory overpressure data were
obtained for all following shots.

A differential pressure transducer was instalied
in the vicinity of the critical fuselage structure to
record a time history of the outside/inside pressure
in this area. The differential pressure transducer
was located as shown in Item B-20, Figure A.2.

Both the overpressure and differential pressure
tranaducers were calibrated in the Sikorsky instru-
ment laboratory against a pressure standard. The
manufacturer, type, amd serial number are included
in Table A.5.

A.4 GUST RESPONSE

Linear accelerometers were located at the center
of gravity, oriented to record lateral, longitudinal,
and vertical accelerations. Angular accelerometers
were located at Station 236 to record pitch, roll,
and yaw accelerations. Linear accelerometers were

also located at the top of the tail pylon oriented to
record vertical and lateral accelerations. All accel-
arometers were resistance calibrated prior to and
immediately after each participation. An attitude
gyro was calibrated prior to and after each partici-
pation by use of a precision 10-degree plane. Table
A.2 is a summary of the gust response instrumenta-
tion.

A.5 MAIN ROTOR COMPONENT LOADS,
STRESSES AND RELATIVE POSITIONS

Resigtance strain gages were installed on the
main rotor blades at 13 and 60 percent radius to
record leading edge and normal bending stresses.
Strain-gage bridges were also installed on the rota-
ting and stationary star to record countrol loads. The
rotating and stationary-star assemblies were stati-
cally calibrated at the Sikorsky test laboratory.

Baldwin thermometer element Type TB-14 gages
were installed at 13 and 60 percent radius of the
main rotor blades to record blade temperature rise
and maximum temperature. All main rotor strain
gages and thermometer elements were resistance-
calibrated prior to and after each participation.

Potentiometer elements were installed to record
maiun rotor blade, pitch, log, and flapping positions.
Potentiometer elements were also installed to record
main rotor control stick displacements. All poten-
tiometer elements were calibrated by deflection of
the control to its limits prior to and after each shot.

A magnetic pickup was located at the base of the
main rotor ghaft to indicate the azimuth position of
the instrumented main rotor blades.

Table A.3 is a summary of the main rotor instru-
mentation, and Figure A.2 illustraies approximate
locations of main rotor instrumentation.

A.6 TAIL ROTOR STRESSES AND RELATIVE
POSITIONS

Resistance strain gages were instailed on two
tail rotor blades, to record tail rotor blade leading
edge and normal bending stresses, as illustrated in
Figure A.2.

Potentiometers were installed to measure tail
rotor flapping and rudder pedal position. These
potentiometers were calibrated by deflection of the
tail rotor blades and rudder pedals to their limits
prior to and after each shot.
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TABLE A.1 INSTRUMENTATION FOR FUSELAGE STRESS MEASUREMENTS

Calvanometer
Ingtrament Type Measurement Location Gal Type tor l‘h;-!‘mmy l;o::nx::lr
Ssponse
Strain Gage  A-13 Total Frame Stress Station 3M. Port Side 7-315 0-80 B-29
Strais Gage  A-23 Total Stringer Stress  Station 3. Starboard Side 7-318 0-80 B-30
Strain Gage A-13 Total Stringer Stress Station 326, Starboard Side 7-315 0-60 B-31
Strein Ghge  A-13 Total Frame Strees Station 834, Starboard Side 7-318 0-80 B-32
Strain Gage  A-13 Total Skin Stress Station 326, Starboard Side 7-318 0-80 B-33
Sirain Gage A-13 Total Frame Stress Station 334, Starboard 8ide 7-342 0-135 A-30
Straia Gage  A-T Total Stringer Stress Station 333, Starboard Side M3 0-135 A-31
Strain Gage A-T Total Stringer Stress Station 333, Starboard Side 7-M2 0-135 A-32
Strain Gage A-T Total Stringer Stress Station M3, Starboard Side 7-M2 0-135 A-33
*
TABLE A.2 ACCELERATION MEASUREMENTS
Location Galvanometer
Serial Type Recorder
Manufacturer Moasurement Fuselage Flat-Frequency
Number Station Galvanomezer R Channel
cps
Statham 228 Vertical Acceleration at
Center of Gravity 137.6 325 0-11 A-17
Statham 227 Lateral Acceleration at
Center of Gravity 137.6 325 0-11 A-18
Statham 1854 Longitudinel Acceleration
at Center of Gravity 137.6 325 0-11 A-19
Stathem 13 Pitch Acceleration
(Angular) 236 325 0~11 A-20
Statham 16 Roll Acceleration
(Angular) 236 325 0-11 A-21
Statham 14 Yaw Acceleration
{Angular) 236 325 0-11 A-22
Statham 29 Vertical Acceleration at
Center of Gravity 137.6 325 0-11 B-15
Statham 230 Lateral Acceleration at
Center of Gravity 137.6 325 0-11 B-16
Statham 19 Longitudinal Acceleration
st Center of Gravity 137.6 325 6-11 B-17
Statham 1850 Vertical Acceleration
Top of Tail Pylon §38 325 0-11 B-~23
Statham 1853 Lateral Acceleration
Top of Tail Pylon 535 325 0-11 B-24
Misaeapolis-
Booeywell 173 Pitch Altitude Gyro 130 325 0-11 B-~18
Minnespolis-
Boweywell 1726 Roll Altitude Gyro 130 328 0-11 B-19
4
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TABLE A.3 INSTRUMENTATION POR MAIN ROTOR RESPONSES
Biack axd bive rotor blades are 180 degress apart.

"Galvanometer
tastrement Type Measurement Location ' o Type Flat-Froquency ':;“| ml"
Reapoase

Strain gage A-13 Leading-edge stress 13 pet rediue

wmain rotor blade ®lack blade) -8 0-80 B-1
Strain gage A-13 Leading-eige stress €0 pot radiue

wain rotor blade lrck blade) 1-18 0-60 B-2
Strain gage A-13 Normal beading stress 13 pot radiue ’

mais rotor blade dlack hiade) -8 0-80 B-3
Strain gage A-13 Norma! bending stress 60 pet radive

main rotor biade ®lack blade) 38 9-80 B4
Strain gage A-13 Push-rod load @lack blade) -8 0-60 B-8
Straia gage A-13 Longitedizal stationary-

star load -5 0-60 B-8
Strain gage A-13 ShaRt beading stress -

main rotor 7-318 0-60 B-?
Strain gage TB-14 Temperature 18 pot radive

main rotor blade ®lack blade) 7-315 0-60 B-8
Strain gage TB-14 Temperature 60 pot radius .

maia rotor biade ®lack blade) 7-315 0-80 B-9
Poteatiometer 4000 Collective stick position -us 0-80 B-10
Potestiometer 4002 Pitch angle #

main rotor blade ®lack binde) 7-315 0-60 B-11
Poteatiometer 400 2 Flapping angle 8

main rotor blade lack blade) -5 0-60 B-12
Potestiometer 1008 Lag angle y

main rotor blade ®lack hiade) 7-315 0-89 B~-13
Cail Position angie

mein rotor blade ®lack blade) T-315 0-60 B-14
Strain gage A-13 Leading-cdge stress 13 pect radius

main rotor blade ®luve blade) 7-315 0-60 A-1
Strein gage A-13 Leading~-edge stress 60 pct radias

main rotor biade lue blade) 7-38 0-60 A-2
Strein gage A-13 Normal beading stress 13 pct radins

maia rotor blade lwe blade) 7-318 0-80 A-3
Straia gage A-13 Normal bexding stress 60 pet radius

main rotor blade iuve blade) 7-15 0-60 A4
Strain gage A-13 Pugh-rod load Gilue blade) 7-315 0-80 A-8
Strain gage A-13 Right lateral

staticmary-star load T-315 0-80 A-8
Straia gage A-13 Left lateral statiomry-

star load 7-315 0-80 A-7
Strain gage A-13 Shaft bending stress

main rotor blade 7-315 0-60 A-8
Strain gage TB-14 Temperature 13 pct radius

main rotor blade blue blade) 7-315 0-60 A-9
Strais gag= TB-14 Temperature 60 pct radins

main rotor blade (Milve blade) 7-315 0-60 A-10
Potestiometer 400 0 Lateral stick powition 7-315 0-80 A-11
Potestiometer 400 8 Losgitudinal stick position 7-315 0-80 A-12
Potestiometer 400 0 Pitch angle ¢

main rotor blade (ilve blade) 7-318 0-60 A-13
Potentiometer 400 G Flappisg asgle 3

main rotor blade wilue blade) 7-315 0-60 A-14
Potestiometer 4008 Lag angle vy

main rotor blade Hlue blade) 7-315 0-80 A-18
Coil 4000 Position angle $

main rotor blade (blue biade) 7-315 0-60 A-16
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TABLE A4 DUTRUMENTATION FOR TAIL ROTOR

Block and red tail voter Mades 100 dgrons apart

Type IRlvsstmaio
Instrummsat Type Msaanroment Lovatien Galvanometer Flst-Froguoncy Chassal
_Nosponse
Coil Tuil retor pealtien -2 =138 323
Straie gage A-13 Lending-odge stress
tail retor blade Glack Made) 1-342 ¢-138 B33
Strain gage A-13 Nermal bonding stress
tail retor biade Glack biade) T-M43 138 | 2
Pomatiomster 4000  Fiagpieg angie #
tail rotor blade Hlack bisde) M2 =138 -2
Potestiomssier ®ea Budier poinl pesition ko i1 -0 B-38
Strain gage aA-13 Losding-edge stress
Wil reter dlads (red blade) -2 =19 A-8
Strain gage A-13 Normal bending stress
tail retor blade (red blade) M2 =138 A-2?
Polestiomster 4008  Plugpieg angle 3
il roter Made (red blade) 7-M2 0-135 A-28
Cuil Tuil roler pesition A-29
‘ TABLE A5 MISCELLANEOUS DESTRUMENTATION
Gaivanemeter
Serial Type Recerder
Masuiaconrer Pemik Messuromeat Looatien Gulvesometer Nat-Fregusacy a 3
Reuponse
Satham Ouigide/iaside presoure  Station 334,
Type P.1X1 -1 difforential starbsard side 7-42 0-135 B-20
Misasapolie-
Bonsyweld Calorimeter Swutien 538 -8 -00 -3
Satien starbeard side
‘Thermosouple bettem 0 -8 [ o] | =)
Insternationsl Time “O”
Rectifier Covp. oelar baltery Siation $38 7-318 *~ >
Velings Supply “B” Simtion 138.9 7-518% [ o t o
Camera gynchrenissr Dysamic
velpr.
Sathan Type
PGI-15A-280 nse Overprossure Siatien 1-39 [ o A-28
NRDL b+ & Calerimstor Stien 538 -8 -0 A-%
Miancapelie-
Bensywell 2 Calorimeter Salien 535 -5 [ A3
International
Rectifier Corp. Time O solar battory  Stutien 538 1-518 (T ] A~
Voltage Supply “A” Sution 130.1 A%
@
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Table A.4 iz a summary of the tail rotor instru-
meatation.

A.Y MIECELLANEOUS

Calorimeters were installed on a special rack,
attached t0 the trailing edge of the tail pylom, to
messure indirect radiant exposure. Calorimeters
were awpplied and calibrated by the Naval Radiolog-
ical Defense Laboratory (NRDL). A thermocouple
was isstalled on the starboard side of the aircraft.
This instrument wea calibrated by NRDL persannel
prior to awd after each ahot.

Solar batteries were installed, one of which was
wired into each oacillograph, to indicate time of
explosion. One channel on each oscillograph was
used to monitor the instrumentation direct current
voltage supply. The dynamic reference capability
of euch oscillograph was used to give indication on
the oscillographs of each frame of photopanel data.

Table A.5 is a summary of the misocellaneous,
overpressure, and differential pressure instrumen-
tation.
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Appendix B .

EQUATIONS and METHODS of ANALYSIS for
BLAST-WAVE RESPONSE of HSS-1 HELICOPTER ’

The purpose of the following sections is to pre-
sent the equations and method of analysis of detail-
ed motions of the HSS-1 helicopter in response to a
suclear blast wave. The basic helicopter relation-
ships preseated herein were modified or amplified
in accordznce with the discussion of Section 2.4.

B.1 WEAPON-EFFECTS PARAMETERS

In order to analyze the dynamic response of the
helicopter to the blast wave from a mclear detona-
tion, it was necessary to predict the variation of
significant blast-wave parameters with distance and
time behind the shock front. Basic parameters such
as particle velocity behind the shock froat, deasity
behind the shock froct, dynamic pressure bebind the
shock front, and time of arrival of the shock front
were predicted (using Figure 1.2) by the methods
omtlimed in Section 1.3.

A schematic drawisg of the orientation of the
gust relative to the helicopter is shown in Figure
B.1. This gust is resolved as showm in Figure B.2
into two simuitaneous distrubances, an angle of
antack disturbance, ag, and a rotor tip-speed ratio
disturbance, p;. By use of measured values of
shock overpressure and the calculated gust velocity,
useful grapbical relationships of U' versus Ap'® as
shown in Figure B.3 were cbtained.

B.2 GUST RESPONSE EQUATIONS

B.2.1 List of Symbols.

a. Slope of curve of section lift coefficient against
section angle of attack = 5.73/radian.

a’, Longitudinal angle between the control axis
and the rotor force resultant, radians.

ag. Angle between the rotor-blade span axis and
the tip~path piane, radians.

3;. Longitudinal aagie between a normal to the
cootrol axis and the tip-path plane, radians.

2;,. Longitadina] angie between a normal to the
shaft axis and the tip-path plane, radians, (q'tq
-Bi,)-

lti)., Lateral angie between the control axis and
shafl axis, radians.

b, Number of blades per rotor.

v, Lsteral angie between the control axis and the
rotor resuitant force, radians.

bj. Lateral angie between a normal to the control
axis and the tip-path plane, radians.

bjg, Lateral angle between a normal to the shaft
axis and the tip-path plane, (blg = by + Agg)

B, Tip loss factor; blade elements cutboard of
BR are assumed to have profile drag but no lift.

B, . Longitudinal angle between the control axis
and the shaft axis, radians.

C, Rotor blade chord, feet.

Cpy. Fuselage drag coefficient = D/qrR%.

Cl. Fuselage lift coefficient = L/q¥R®.

Cig, Fuselage rolling moment coefficient = Ly/qrR’.

Ciy . Rotor hub rolling moment coefficient =
Ly/qeR%.

Cipe» Rotor bub rolling moment coefficient due to
aeronﬁunle forces = Lja/qrR.

Cijygy: Rotor hub rolling moment coefficient due
to inertia forces = L} /qrR’.

Cpme. Fuselage pitching moment coefficient =
llf/q%’.
C;.ﬁ.‘ Rotor hub pitching moment coefficient =

Cng. Fuselage yawing moment coefficient = Ng/qrR’.

CQ. Rotor shaft torque coefficient = Q/prR}QR)'R. -

CT, Main rotor thrust coefficient = T/pxR*QR)*.

Crr. Tail rotor thrust coefficient =
Tq/(prR'Q*RY)TR.

Cy. Rotor lateral force coefficient = Y/prR*@R)®.

Cyg, Fuselage side force coefficient = Yg/qwR?.

Dy, Drag of fuselage (complete helicopter minus
main rotor and tail rotor), Ibs.

e, Rotor flapping hinge offset from center line of
rotation, feet.

g, Acceleration due to gravity, ft/sec’.

h, Vertical distance from main rotor bub to c.g.
measured along vertical stability axis, feet.

h, Longitudinal distances from main rotor bub
to c.g. measured along & stability axis, feet.

brR, HT,VT. Vertical distance from center of
rotation of tail, center of pressure of horizontal tail,
or vertical tail to c.g. measured along 2 stability
axis, feet.

H, Longitudinal component of rotor resultant
force normal to the control axis, lbs.

ig, Angle between a fuselage station line and the
shaft axis, radians, positive for shaft tilted forward.

i1, Angle of incidence of horizontal tail measured -
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from a fuselage waterlioe, radians, positive for
leading edge vp.

k. Moment of inertia of a rotor blade about the
Napping Mage axis, shug-ft.

| 99 I, l;» Moment of inertia of the helicopter about
the longituctinal, lateral, and vertical axes, respec-
tively, passing through the c.g. ., slug-fil.

Kq. ilelicopurruhnsotcnﬂonaho\nthnh

axis =y

irg BT Loogitudinal distance from the
cemter of mhnuo(thuumr the ceater of
pressure of the horizontal tail and vertical tail,
respectively, from the c.g. measured along a stability
axis, feet.

L. Rotor lift, ib.

L¢. Fuselage lift, Ib.

Ly. Rotor hab rolling moment about a longitudinal
axis through the rotor hab cemter, Ib-ft.

Lyy . Rotor bub rolling moment due to asrodynamic
forces, Ib-ft.

Ljw . Rotor hub rolling moment due to inertia
forces, Ib-ft.

m, Mass parameter = W/pghcQR?.

oy, Mass per unit spen at the rotor blade,
slugs/ft.

Mp. Mass moment of rotor blades about the flap-
ping binge = fBRmy(r_eydr.

My, Romrhbpitchiumomemabunalnem
axis through the rotor hub center, Ib-ft.

My, Fuselage aerodynamic pitching moment about
a lateral axis passing through the c.g., b-f.

N, Yawing moment about the vertical axis, b-f&-

Ny, Fuselage yawing moment about the vertical
axis passing through the belicopter c.g., Ib-ft-

q, Free stream dymamic pressare, Ibh/fl.

qp. Dynamic pressure at the tail, Ib/A2.

Qresr» Wind tunnel test dynamic pressure, Ib/ftl.

Q. Main rotor torque, lb-ft.

R, Rotor force resultant, Ib; slso rotor radius,
fr

S, Rotor disk area, rR?, ff.

S.F., Scale factor of wind tunnel model.

t, Tabulated constant terms from Bailey’s analy-
sis, Reference 4.

T, Main rotor thrust; component of rotor result-
ant force taken along the control axis, Ib.

Ty, Tail rotor thrust (scts along the axis of ro-
tation), Ib.

V. Velocity of the helicopter along the flight path,
ft/sec.

V’, Resultant wind velocity relative to the beli-
copter fuselage, ft/sec.

w, Weight parameter = W/pbc’R?.

W, Gross weigix of the helicopter, Ib.

Y, Lateral component of the rotor resultant force
aormal o the H force and the control axes, Ib.

Y¢, Fuselage aerodynamic side force normal to
the fuselage lift sad drag forces, 1b.

a, Rotor angle of sttack, sngle of attack of a

normal to the coatrol axis with respect to the flight
path, radians.

af, Angle of attack of the anm with respact
to the flight path.

afjocalr Angle of attack of the mulm corrected
for main rotor downwash.

ag, Angle of attack of a normal to the shaft axis
with respect to the flight path, radians.

ay, Angle of attack of a normal to the control
axis with respect to a lateral flight path, radians.

aig, Angle of attack of a normal to the shaft axis
with respect to a lateral flight path, radians.

B, Sideslip angie, angle between the longitudinal
reference axis and the remote wind velocity, radians.

B¢, Angle between a normal to the control axis
and the blade span axis, (8¢ = ay—a,Cosy — by, Sin J),
radians.

Bs, Angle betwoen a normal to the shaft axis and
the blade span axis, radians.

Y, Mass constant of a rotor blade.

4, Main rotor blade mean drag coefficient.

&y, 6,,8,, Constants in Bailey’s quadratic equation
for blade profile drag coefficient (Cd,, = 6y = 8, = 5,a’).

Z, Dimensionless rotor inertia force parameter,
= (e Mp/Ip) + (¢*Wp/Ing)-

©y, Rotor blade pitch angle measured at the cuff
from a normal to the control axis, radians.

© 15, Rotor blade pitch angle measured at 75 per-
cent blade radius from a normal to the control axis,
radians.

©, Tail rotor blade pitch angle, radians.

OF, Angle of inclination of the fuselage longitud-
inal axis from the horizon, (O = ¢y + 7), radians.

A, Rotor biade tip inflow ratio = (V Sina-»)/QR.

#, Rotor blade tip speed ratio = V/QR.

v, Induced inflow velocity at rotor, ft/sec.

p, Density of air, slugs/f’.

o, Rotor solidity ratio = bc/7R.

o', Fuselage sidewash angle, radians.

7, Longitudinal flight path angle, angle between
longitudinal flight path and horizon, radians.

Ti, Lateral flight path angle, angle between
lateral flight path and horizon.

&, Roll angle, the angle between the lateral ref-
erence axis and the horizon.

$, Angle of yaw ~ the angular displacement of the
longitudinal axis before and after the disturbance,
radians. (Also blade azimuth angle).

Q, Rotor angulsr velocity, radians/sec.

QR, Rotor tip speed, ft/sec.

€y, Wing downwash angle, radians.

SUBSCRIPTS

f.W.B.T., Parameters of the wing body tail com-
bination, the complete helicopter less the main and
tail rotors.

M. F., Parameters pertaining to the main rotor.
Unless otherwise specified, all rotor parametsrs
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without a subscript are main rotor parameters.
t,TR, Parameters pertaining to the tail rotor.
V.T., Parameters pertaining to the vertical tail.
H.T., Parameters pertaining to the horizontal
tail.
TEST, Wind tunnel test parameters.
S, A normal to the shaft axis is taken as the axis
of refereace.

B.2.2 System of Axes. The flight path stability
axis system is used throughout. In hover, the flight

3. The changes in forces and moments acting on
or within the helicopter depend on displacemaents,
velocities, and accelerations along and perpendicular
to the flight-path axes in the case of forces, and about
the helicopter center of gravity in the case of moments.

4. Since the deviation of sach of the major var-
jables from its equilibrium valus is small, the differ-
entials in the differential equations of motion are re-
placed with actual increments, and the partial deri-
vatives of the helicopter forces and moments with
respect to thase variables and their first and sscond

( ‘c. Ay
iy : \ al * af‘is 'Bi,
! / ac 0, o
e~ ~
P L
o ' o, AR U -
! - (] Ce g n’ A
i 8, o Ay ' ANl Porameters are Positive o
i T i Flight pary '\ Shown Except Where Specified
N j Morizos My
% / , Tio
» Locy, «.A“\ %‘
TS [ ‘
v Nk

Figure B.4 Side view showing stability and control parameters.

path is coincidest with the borizon. The x axis is
positive forward and tangent to the flight path; the y
axis is positive to the starboard and normal to the x
axis; and the 2z axis is positive downward and normal
to both the x and y axes. Tbe positive direction of
2ll amgles are shown in Figures B.4, B.5, and B.6.

B.2.3 Assumptions and Conditions. The linearized
stability equations are subject to the following assump-
tions and conditions.

1. The helicopter is subjected to a disturbance
which produces a motion of small oscillations.

2. Small control displacements occur for a short
period of timne during which only a small departure
from the original steady-state flight path occurs.

time derivatives are constant throughout the disturbed
motion.

5. During the disturbance all of the major vari-
ables or their first and second derivatives with time
are functions of time.

6. Rotor tip speed, QR, remains constant. (The
tip speed ratio, u, then varies only with the velocity
along the flight path, V.)

7. Wind tunnel data and static trim data are avail-
able for the forward flight analysis.

8. Small angle assumptions sre permissible:

Sin a = tan a = a(radians)
Cos a =1

9. The second harmonic motion of the rotor blades
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Figure B.6 Top view showing stability and control parameters.
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and all higher barmonics are neglected.
10. Rotor blade motion about the lag hinge is neg-
lected.

11. Compressibility and stall effects are neglacted.

12. The following helicopter physical quantities
and parameters are taken as major variahles:

ag, Fuselage angle of attack relative to the
flight path.
r, Longitudinal flight path angle relative to

B.2.4 General Equations of Motion.

in The X Direction
-mAi

In The Y Direction

the horizontal.
Kibxsy, a0 Rotor tip speed ratio.
8, Sideslip angle.
¢, Roll angle.
¥, Yaw angle.
Ajq. Lateral oyclic control.
Bjg. Longitudinal cyclic control.
e.. Main rotor colleotive control.
6y, Tail rotor blade pitch angle control.

- . ket hd hy =
<X (a'vax)- £5 Co (EXg %)ff;-; Cowr =0

- W‘»(éi-‘i‘)-f(%l)ms* %.!*ww%-:ui‘g Cy=0

In The Z Direction

Mut+ Ct(a.x-:)-%.c‘, Ny c,,,(fk,

Rollmg Momente

~(ma) (RS S (WA SX(h) Cor (Rrs et

Pitc hmc' Moments

)+w-o

L %
£ =0

R

- () (&) e ¥ Baciraimp (e st e, =0

Yaw: nq Moments

%’ (ur Yome(27) ["’{"i%t(
B

)}q}o

3-1(%)'5; Cug=O
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B.2.5 Linearized Stability Equations.

Fﬁi+&?ﬁ§%fw,+ﬁé+r,ﬁ+rw€n&.f£°g. o

BT St TP Gy Bars g b Fra e Fyd Wy irfys
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Fri TrRay R Gl inB it $+R 0.2 O

L Tra et LG p PHLE BeLg SaLobebupts LA +
LonB,tLa8e +Lo8, =0
My PeMp ToMa R rro St Mo NP+ MG D +Mu it +

H.,Bos ‘fMga. = O

Nz TNk + N2y +Ny Bt Ng B +Ng Ft- Np D+ oy

NagA,t Ny, By +NgB. + G Ny = O

B.2.§ Belicopter Derivatives.
L Py = - SH(3¢)

LF:Y = —w

3. F;“ = Fx#

+ e J3E)- S 0 021y

‘i";é""‘.'kﬁro.

6. Fxp=-m

¢ [ (B2 @) o
8 Fuo, = e P () 38)
9. Feq = -[m«](i,;.-"') - %'1 ( g"é:

0. Fry = Fla.pd)-40)(3)- S &)
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B.2.8 Fusclage Aerodynamic Derivatives.
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ratio of the downwash velocity at the helicopter center of

J39. EKC gravity to the downwash velocity at the plane of the rotor.

4OEK = ratio of the downwash velocity at the horizontal tail to the
. T downwash velocity at the plane of the rotor.
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Figure B.8 Drag versus angle of attack.
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B.3 DISCUSSION

In order to facilitate the calculation of helicopter
asrodysamic parameters for a forward flight condi-
tiom in which the helicopter was in static equilibrium,
a program which satisfied the foroce and moment
conditions represented by Equations 1 through 6 of

ical valuss for parameters required to oaloulate
HSS-1 helicopter atatio irim and stability derivatives
with the aid of the IBM 704. The stability derivatives
were then taiken to an EASE Analog Computer and

set up In the equations of motion represented in
Section B.2.5. The analog computer performed a

8 —Y

/‘*\. /

Pitching Moment , f1-ib
-]

o- FGRRST;
8-Tpis0®
(;._J/ 0-i5%  g-ix-10°
O-izl0®  goja-ise
a-isi5®
v-iz-5¢
-6 -8 (-] L . 24 32

Angle of Attack (a), Degrees

Figure B.9 Pitching moment versus angle of attack.

Section B.2.6 was set up on an IBM 704 Electronic
Data Processing Machine. The complete program
incorporated a static trim program to calculate
initial trim conditions and an algebraic dynamic
stability derivative program in the digital computer
part. Such helicopter design data as listed in Table
B.1 and wind tunnel data from Figures B.7 through
B.11 for fuselsge lift, drag, pitching moment, yaw-
ing moment, and side force, respectively, consti-
tuted the input data. Table B.1 {llustrates the numer-

rapid solution of the equations of motion and plotted
the results in engineering units on six-channel graph
paper as illustrated in Figure B.12. The effoct of
any arbitrary helicopter control input, gust, or
angie-of-attack input could be studied.

The results shown in Figure B.12 were obtained
by solution of the Equations shown in Table B.2 with
derivatives evaluated for the specific test event, Shot
Priscilla. The incremental notation for derivatives
in these equations has been discussed in Section
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2.3.2. The calculations were performed for six
seconds so that sufficient time is allowed to deter-
mine what flying qualities and loads occur for the
full duration of the blast. Time histories of all
three translating accelerations as well as rolling,
pitching, and yawing accelerations for the purpose
of loads calculated are shown in Figure B.12. In
addition, time histories are shown of fuselage

™

attitude, roll, pitch, and yaw rates, angle of attack
at the tip of the retreating rotor blade and rotor-
blade flapping angle relative to the shaft when the
blade is over the tail cone. For these last two par-
ameters, equations presented in Section 2.4.2 were
evaluated and serve to indicate development of stall
in the rotor and rotor blade clearance over the tail
cone, respectively.
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Commander, Officer U.S. Naval Air Develomment Center,
Johnsville, Pa, ATTN: NAS, Librarian
Commanding Officer, Naval Air Sp, Wpns, Facility, Kirtland
A¥B, Albuquerque, W. Mex.
Commander, U.8. Naval Ordnance Test Station, China laks,
Calif.
Cosmandant, U.8, Marine Corps, Washington 25, D.C.
ATTN: Cods AO3H

Director, Marine Corpe landing Force, Development
Center, WS, Quantico, Va.

Commanding Officer, U.8. Naval CIC School, U.S. Naval Air
Station, Glyneo, Brunsvick, Ge.

Chief, Bureau of Naval Weapons, Navy Department, Wash-

ington 25, D.C. ATTN: RRL>

Lnd

AIR FONCE ACTIVITIES

Assistant for Atomic Energy, 1R, UBAF, Washington 25,
D.C. ATW: DCB/0

Bq. USAF, ATTN: Operations Amalysis Office, Office, Vice
Chief of Staff, Washington 25, D. C.

Afr Porcs Intelligence Center, HQ. USAY, ACS/I
(AFCIN-3V1) Weshington 25, D.C.

Director of Research and Development, DCS/D, HR. USAF,
Washington 25, D.C. ATTN: Guidance and Weapons Div.

The Surgeon General, HQ. USAF, Washington 2%, D.C.
ATTE: Bio.-Def. Pre. Med. Division

Commander, Tactical Air Command, Langley AFB, Va. ATTN:
Doe. Security Braach

Commander, Alr Defense Commend, Ent AFB, Colorado.
ATIN: Assistant for Atomic Bnergy, ADLIC-A
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Cowsander, Bq. Air Research and Develomwent Command, 16
Apdrews AFB, 25, D.C. ATTN: ROWVA
Comsander, Air Foros Ballistic Missile Div, IQ. AMIC, Air 17
!omﬂdt?o-torﬂu, Ios Angeles 45, Calif. ATTN: WDSOT
Commander, AF Cambridge Messarch Center, L. G. Banscom 118-121
Field, Bedford, Mass, ATTK: CRRST-2
, Alr Yorce Specis) Weapons Center, Kirtland AFS, 122
Albuquerque, ¥. Nex. ATIN: Tech. Info. & Intel, Div, .
Director, Alr University Library, Naxwell AFB, Ala. 123
Commander, Lowry Technical Training Center (W), 15%-108

Lowry AFB, Denver, Coloredo.

Commandant, School of Aviation Medicine, Brooks Air
Porce Base, Texas 129
Py g, 1009th 8p. Wpns. Squadron, IR, USAF, Washington

s D.Co

Commender, Wright Air Develomment Center, Wright-Patterson 130
AFB, Dayton, Ohio, ATIN: WOACT (For WCOSI)
Director, UBAF Project RAND, VIA: USAF Liaison Offioce, 131

The RAMD Corp., 1700 Main 8t., Santa Monica, Calif.

Commender, Air Def Syatems Integration Div.. L. G.
Hanscom Field, Bedford, Mass. ATTN: SIIR-S

Chief, Ballistic Nissile Early Wurning Project Office,
220 Church 8t., Nev York 13, N.Y. ATTH: Col. leo V.
Skinner, USAT

Commander, Air Technical Intelligence Center, USAF,

Wright-Patterson AFB, Ohio. ATTN: AVCIN-kBla, Librery 132-13%
Headquarters, lst Missile Div., USAF, Vandenburg A¥B, Calif

ATTN: Operations Analysie Office 135-136
Assistant Chief of Starf, Intelligence, HQ. USAFE, APO

633, ¥ew York, N.Y, ATTN: Directorate of Air Targets 137-1%1
Commander-in-Chief, Pacific Air Forces, APO 953, Sen

Francisco, Calif, ATIN: FFCIE-MB, Base Recovery m2
OTHER DEPARIMENT OF JEFENSE ACTIVITIES %3
Director of Defense Research and Engineering, Washington 25, 14k-175

D.C. ATTN: Tech. Library

Chairman, Armed Services Explosives Bafety Board, DOD,
Building T-7, Gravelly Point, Washington 25, D.C.

Director, Weapons Systems Evaluation Group, Roce 12880,
The Pentagon, Weshington 25, D.C.

Chief, Defense Atomic Support Agency, Weshington 25, D.C.
ATIN: Document Librery

cu.-nnbr, Field eo-nd, DABA, Sendia Base, Albuquerque,

Mex
oo-ndar, Field c_nl, DABA, Sendia Base, Albuquerque,
. Max, ATTN:

c-nhr, rield e-nd, DASA, Sandia Base, Albuquerque,
N, Nex, ATTW: FOWI

Adainistrator, Mational Aeronautics and Space Adminis-
iration, 1520 "B® 8t., N.W,, Washington 25, D.C. ATIN:
Nr, R, V. Rhode

Commender-in-Chief, Stretegic Air Commend, Offutt AFB,
eb. ATTH: QAN

U.8. Documents Officer, Office of the United States
Mtional Military Representative - SHAPE, APO 55,
Bov York, A.Y.

ATONIC ERERGY COMMIBSION ACTIVITIES

U.8, Atomic Energy Commission, Technical Librery, Washing-
ton 25, D.C. ATIN: For IMA

1As Alamos Scientific Laborstory, Report Librexy, P.O,
Box 1663, los Alamos, N. Nex. ATTN: Helen Redman

Sandia Corporation, Classified Document thuon, Sandia
Base, Albuquerque, N. Mex. ATIN: B. J. m, r.

Mnruv of Californis L
P.0. Box 808, Livermore, Calif. ATIN: Clovis 0. Cnu

Weapon Dsta Section, Technical Information Service
kunuon, Ouk Ridge, Tenn.

Techni ion Service
Tern. (Surplu-)

ion, Osk Ridgs,
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